ABSTRACT. A survey on the presence of Cryptosporidium oocyst and Giardia cyst in livestock drinking water as well as the urban tap water throughout Taiwan was carried out. Water examination for the presence of the protozoa was conducted by filtering through a PTFE membrane followed by immunomagnetic separation (IMS) and immunostaining the sediment with commercially available monoclonal antibody against Cryptosporidium and Giardia. Of the 55 different water samples from various sources examined, 2 were found to contain both of Cryptosporidium oocyst and Giardia cyst, 1 was found to contain Cryptosporidium oocyst only. These protozoa-positive water samples, originating from underground well and from the mountain spring, were also used as drinking water for livestock. However, no Cryptosporidium oocyst was found in the city tap water. This is the first report of Cryptosporidium oocyst and Giardia cyst being found in the drinking water for livestock. KEY WORDS: Cryptosporidium, Giardia, livestock drinking water.
Cryptosporidium spp. and Giardia spp. cause diarrhea in a wide range of vertebrates including humans. This is particularly serious in neonatals and immunosuppressed individuals [1] . In the past decade, several waterborne outbreaks of human cryptosporidiosis [10, 14] suspected to b e l i n k e d t o w a t e r s o u r c e s c o n t a m i n a t e d b y Cryptosporidium oocysts derived from infected animals in farms had been reported [11, 14] .
Cryptosporidium oocysts and Giardia cysts have been reportedly detected in river water in many countries [4, 13, 15] , including Taiwan [5] . However, the presence of Cryptosporidium or Giardia in livestock drinking water or treated tap water in city in Taiwan has not yet been investigated. An outbreak of cryptosporidiosis among goat kids in Taitung [12] , and the presence of C. parvum oocysts in cattle feces in Taiwan had been reported [19] . Moreover, Cryptosporidium and Giardia had been reported in raw waters from the hog-farming region [5] . Thus, Cryptosporidium infection in livestock caused by drinking such parasites contaminated water might be a potential source of human cryptosporidiosis outbreaks in Taiwan.
In recent years, many farms designed for recreational purposes have been set up in Taiwan. This has provided ample opportunities for the public to be in close contact with farm animals, especially goat and cattle. Thus, there is an urgent need to examine whether the water used in the dairy farm, for both general use and as drinking water for the cattle, are contaminated with Cryptosporidium and Giardia or not. If these parasites are present in drinking water for livestock, the opportunity of contact with contaminated water by people coming to the farms for recreation or for work may be increased. Moreover, the transmission of the parasites between livestock and humans may be facilitated through contaminated water.
We investigated the prevalence of Cryptosporidium oocyst and Giardia cyst in water used in dairy farms as well as the tap water in urban areas in Taiwan.
Water samples were collected between April to August 2004, at the areas shown by filled circle and the number of collected samples shown in parenthesis in Fig. 1 . A total of twenty-five tap water samples from school, recreational park, household and temple were collected (Table 1) . Another thirty water samples were collected from water faucets at livestock farms in Taichung county and in Tainan. Of these, sixteen water samples were from 5 cattle farms, six from 3 farms that kept both goats and cattle, three from 1 goat farm and five from 1 farm that raises various kinds of animals including horses. When the water sample was collected, we also enquired about the water sources. If it is an underground water, the depth of the underground well, as well as, if it is being used for livestock drinking water or not.
Water sample collection, parasite isolation and detection were conducted as described by the Japan Water Works Association (JWWA) [8] . This method is considered to be equivalent to method 1622 as designated by the United States Environmental Protection Agency (EPA) [18] . Briefly, 20l of water from the faucet were filtered through a 5.0 µm pore size PTFE membrane filter (Millipore, Japan) placed in a filtration apparatus (Advantec, Japan). Protozoa trapped on the filter membrane were eluted using PET eluting solution by vortexing [7] . The eluate was then concentrated by centrifugation in a 50 ml centrifuge tube. Protozoa were isolated using the immunomagnetic separation system (IMS) as described by JWWA. The sample suspension were immunostained, follow by microscopic examination. Concentrated water samples sediments were then stained with FITC-conjugated anti-Cryptosporidium and anti-Giardia monoclonal antibody (Biotechnology Frontier, Australia) and with DAPI (4'-6'-diamidino-2-phenylindole). The samples were then observed under ultraviolet light fluorescence microscope at 400 × magnification (Olympus, Japan). Oocysts and cysts were identified based on the following parameters; size, shape, surface feature and staining reaction. Particles exhibiting the right size and shape as that of the protozoa were further identified according to their internal structure, especially their nuclei, when stained by DAPI. Whole microscopic fields were observed and all the parasites were counted.
One (1.82%) out of 55 water samples was positive for Cryptosporidium oocyst and 2 (3.64%) out of 55 samples were positive for both of Cryptosporidium oocyst and Giardia cyst ( Table 2) . Only 1 oocyst (0.05 oocyst/l) was obtained in the Cryptosporidium-positive, Giardia-negative water sample. In the two other samples that were both Cryptosporidium and Giardia positive, 1 oocyst (0.05 oocyst/l) and 2 cysts (0.1 cysts/l) were observed in one sample, and 2 oocysts (0.1 oocyst/l) and 1 cyst (0.05 cyst/l) were observed in the other sample, respectively. No Cryptosporidium oocyst or Giardia cyst was detected in the 25 city tap water samples tested. In one underground-water sample that was positive for Cryptosporidium oocyst, the same water source was used as drinking water for goats in that farm. Two water samples from mountain spring that were positive for both of Cryptosporidium oocysts and Giardia cysts, were also used as a source of drinking water for both cattle and goats. Since the number of oocysts or cysts detected was very low, no attempt was made to carry out the genotyping of the oocysts.
High prevalence of Cryptosporidium spp. infection in cattle has been reported in many countries [2, 16] . Cryptosporidium parvum has recently been implicated in waterborne outbreaks in developed [10, 14] and developing countries [17] . C. parvum oocysts had been reported in river water in dairy farming area of Hokkaido, Japan [15] . In Taiwan, Cryptosporidium and Giardia were reportedly found in raw water samples from river water [5, 6] . This indicates the potential contamination of drinking water and can threaten the health of people living in both urban and rural area in Taiwan proper.
Significant restructuring of normal dairy farm to one that cater for recreational purpose in Taiwan was evident in that, in 2000, there were only 22 leisure farms, but increased to over 200 in 2004. Thus, the chance of the public having direct contact with farm animals or the environment that might be contaminated with Cryptosporidium oocyst or Giardia cyst excreted from farm animals, had increased.
In Taiwan, little has been done to check the tap water and the drinking water for farm animals for waterborne protozoa. In our study, we found Cryptosporidium oocysts and Giardia cysts in 3 water samples from the dairy farms, but none in the city tap water. It might be possible that the source of the contamination might come from animals that had been infected with both parasites. Since the city tap water were negative for the target waterborne protozoa, it indicates the good sanitary condition of the city tap water in Taiwan. However, there is still a potential danger for zoonotic transmission of the protozoan to human because same source of water is used as drinking water for both animals and humans. Underground water, mountain spring, river water and treated tap water were used as drinking water for livestock in Taiwan. The depth of the underground well ranged from 20-429 m. In the three farms positive for Cryptosporidium oocyst, 2 used mountain spring water as drinking water for the animals. Since mountain water are easily exposed to livestock than underground water, the former might be more prone to contamination by the protozoa than the latter. Viability of C. parvum oocyst in the soil has been reportedly to be more than120 days in an experiment by Kato et al. [9] . It has been proposed that an outbreak of human cryptosporidiosis would probably occur if the tap water contained more than 10 Cryptosporidium oocysts/100l [3] . In our study, 2 oocysts/20l were found in a water sample derived from one dairy farm. This indicates the potential risk of a waterborne outbreak should not be ignored. We recommend that surveillance of parasite contamination of water in dairy farms, including those of the leisure farms should be carried out regularly to ensure the safety and hygienic quality of the water. This is the first report of the finding of Cryptosporidium oocyst and Giardia cyst in the drinking water of livestock. 
